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(54) A power supply apparatus 

(57) A power supply apparatus includes a switching 
element for relaying electrical current to be supplied to a 
transformer and a controlling circuit for controlling an 
operation of said switching element. The controlling cir- 
cuit has a first oscillator which works to continuously 
drive the switching element and a second oscillator 
which works to intermittently operate the switching ele- 
ment. An amount of electrical current to be supplied to 
the transformer is controlled by changing a duty cycle or 



an oscillating period of the second oscillator in accord- 
ance with a variation of the amount of load current. Fur- 
ther, an initiating resistance for initiating the controlling 
circuit and a "cut-ofT circuit cutting the resistance off: it 
is arranged such that the resistance is "cut- off" from the 
coritroiling circuit after initiating the controlling circuit in 
order to avoid that a significant amount of current is con- 
sumed at the resistance after initiating the circuit. 



Fig. I 
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Description 

Background of the invpntinn 

1) Field of the Invention 

[0001 ] The present Invention relates to a power supply 
apparatus, and particularly, relates to apparatuses 
where electrical power consumption can be greatly 
reduced. The power supply apparatus according to the 
invention can be suitably applied to any electrical appli- 
ance having a remote controlling system, such as tele- 
vision equipment, video equipment, audio equipment 
and air conditioning systems; or electrical appliances, 
which should keep them in their standby mode everi 
when the main functions of the appliance are not being 
used, such as telephone equipment, facsimile equip- 
ment and personal computers. 

2) Related Arts 

[0002] A remote controlling system is used in many 
kinds of electrical appliances, due to its convenience. 
Recently, such appliances are so designed that a main 
switch for turning on or off the main unit of these appli- 
ances is omitted and thus the appliances always keep 
their standby mode for receiving an on/off signal from 
the remote controller during the period when the main 
unit is not being used. Further, in some of these appli- 
ances, the main switch is omitted but a small sub-switch 
is equipped to switch the function mode between a 
standby mode and a driving mode. Appliances having a 
remote controlling system are always in a standby mode 
in order to watch and wait for a remote controlsignal; 
and the appliances having a sub-switch are also always 
in a standby mode so that It makes it possible to put the 
appliance in a driving mode each time even if the main 
unit of the appliance is not working. Therefore, these 
appliances always consume some electrical power in 
watching and waiting for a signal even when the main 
units of the appliances do not work. 
[0003] Telecommunication appliances, such as tele- 
phone equipment and facsimile equipment, should 
always keep themselves in a standby condition for tele- 
communication signals. Therefore, in order to keep the 
standby function, a certain amount of electrical power is 
always being consumed in these appliances. 
[0004] The following four electrically conductive con- 
ditions are considered for the electrical appliance hav- 
ing a remote controlling function or a signal standby 
function. 

(1) Complete off condition, which means a plug for 
connecting the appliance to the commercial AC 
power source is pulled off: 

(2) The plug is still connected to the commercial AC 
power supply, i.e. inserted into the power socket, 
but the main switch of the appliance is switched off: 



(3) The appliance is in a standby condition for a 
remote control signal or a telecommunication sig- 
nal: 

(4) The appliance is in a driving condition, which 
means the main unit is working. 

[0005] Under the condition (1) and (2). there is no 
problem because almost no cun-ent goes through the 
appliance, but under the condition (3), the amount of 
10 current, which is consumed in the standby condition for 
the remote control signal or the telecommunication sig- 
nal, is not smaller than we expect. Because, the power 
supply apparatuses for use in electrical appliances are 
generally constructed such that only the main circuits 

15 provided In the secondary side of the transformer are 
switched OFF while keeping the circuits in the primary 
side of the transformer ON during the standby condition, 
so that some electrical cun*ent is always consumed at 
the primary inductance of the transformer and then so- 

20 called copper loss, which is Joule heat of the coil, and 
so-called iron loss, which is generated by eddy cun-ent 
in the magnetic cores, are generated In the case, par- 
ticularly, that the power supply apparatus is arranged as 
a switching regulator, a switching loss caused by the 

25 operation of a switching element is generated in addi- 
tion to the copper loss and the iron loss. 
[0006] In the conventional power supply apparatus, it 
is not enough to pay efforts to reduce such an electrical 
power consumption during when the appliance is in the 

30 Standby condition, but more effort is being paid to 
decrease the manufacturing cost for the appliances by 
making the circuit construction simpler. However, nowa- 
days, it should be cared to save energy from a point of 
view of the environment of our earth, then it is becoming 

35 an important matter to save the consumption of the 
electrical power which is wasted when the appliances 
are in a standby condition. 

[0007] An electrical power supply apparatus where 
the above problem is solved has been disclosed, for 

40 instance, in Japanese Preliminarily Patent Publication 
No. HEI 8-130871 . The apparatus disclosed in this pub- 
lication is designed ; when the main unit of the appliance 
is in a standby mode, a switching element is controlled 
so as to be operated intermittently in accordance with a 

45 Standby signal in order to decrease the electrical cun-ent 
consumption when the main unit is in a standby mode. 
[OO08] Particularly, in the AC-DC converter which uses 
a commercial AC supply, the input voltage is about 
100V in Japan, and after rectifying the voltage becomes 

so about 140V. In this case, since only a small amount of 
voltage of about 10V, which is used for driving the con- 
trol circuit for controlling the switching element is taken 
from such a high input voltage, an initiating resister hav- 
ing a large initiating resistance required to initiate the 

55 control circuit. Therefore, in the AC-DC converter, a sig- 
nificant amount of power is consumed by the initiating 
resistance, so that a sufficient effect for decreasing the 
power consumption cannot be obtained only by making 
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the operation of the switching element intermittent. 
[0009] Second, in the apparatus disclosed in the 
above^merrtioned publication, when the operation of the 
switching element is conducted intermittently, the 
switching frequency comes down to about several kHz 
50 that a discordant sound is generated from the trans- 
former. Therefore, such an apparatus would have a 
problem if it is applied to the appliances for private 
demands, such as television equipment, video equip- 
ment, etc. In addition. In this apparatus, the operation of 
the switching operation Is changed into the intermittent 
mode in response to a stand-by signal serrt from the 
main unit That is to say, the change is not done auto- 
matically. 

[0010] Apparent from the apparatus disclosed in the 
above-mentioned publication, there is a conventional 
switching regulator using an RCC (Ringing Choke Con- 
verter) or in a certain kind of DC-DC converter, where 
the switching operation of the switching element natu- 
rally becomes intermittently when the load thereof 
becomes extremely small, depending on the design or 
adjustment of the circuit. In such a converter, the switch- 
ing frequency comes down to several kHz when the 
switching operation becorfies intermittently, so that a 
discordant sound is also generated from the trans- 
former. Further, there is another problem that the "rip- 
ple" becomes great when the switching frequency 
comes down. In order to avoid these problems, in the 
conventional switching regulator using an RCC, or the 
conventional DC-DC converter, a bleeder resistance is 
generally provided to prevent that the operation of the 
switching element becomes intermittently. Therefore, in 
such an apparatus, much more electrical current is con- 
sumed by the bleeder resistance in addition to the cer- 
tain amount of the electrical power wasted during when 
the main unit is in a standby condition. 

Summary of the Invention 

[001 1 ] In order to solve the above-mentioned problem, 
the first invention of the present application provides a 
power supply apparatus comprising a switching means 
for relaying an electrical current to be supplied into a 
transformer and a controlling means for controlling an 
operation of said switching means, said controlling 
means comprises a first oscillating means for continu- 
ously operating said switching means and a second 
oscillating means for intermittently operating said 
switching means, whereinthe operating condition of the 
switching means is controlled by varying a duty cycle or 
an oscillating period of said second oscillating means in 
accordance with an amount of load current. 
[0012] In this manner, since the second oscillating 
means is provided for intermittently driving the switching 
means exclusively, in the poker supply apparatus of the 
first-invention, 4t becomes more easier to control the 
operation of the switching means, so tinat the switching 
means operates with a frequency at which the above- 



mentioned problems of discordant sound or ripple do 
not occur. Additionally, since the amount of current sup- 
ply to be supplied to the transformer is controlled in 
accordance with the variation of the load current, the 

5 power cipnsumption during when the appliance is being 
in a stand-by condition can be reduced. 
[0013] A power supply apparatus directed from ttie 
second invention comprises a switching means for 
relaying an electrical current to be supplied to a trans- 

70 former, and a DSP (Digital Signal Processor) means for 
controlling an operation of said switching means; 
wherein said DSP selects or computes a pulse pattern 
for driving the switching means in accordance with an 
amount of load current, and said switching means is 

IS driven in accordance with the selected or computed 
pulse pattern. 

[0014] By an-anging so that the operation of tiie 
switching means is controlled by using a DSP. it 
becomes easier to determine a frequency for intermit- 

20 tentiy oscillating at whereby the problems of discordant 
sounds or large ripples are not generated. 
[0015] It is preferred that the apparatus comprises a 
"dither" component generating means so tiiat the 
"dither" conponent is added to an output of the DSP in 

25 order to improve the non-continuity of signals which 
occurs when an analog signal is converted into a digital 
signal. 

[0016] In the power supply apparatus directed from 
the first or the second invention, it is preferred to provide 
30 a capacitor in an upper stream side of the controlling 
means and the controlling means is driven by an electri- 
cal current going through the reactance component of 
tiie capacitor. 

[0017] That Is to say, in this apparatus a capacitor is 

35 provided instead of an initiating resistance for initiating 
the controlling circuit of tiie switching element and the 
controlling circuit is driven by the electrical current going 
through the reactance component of the capacitor, so 
that the energy loss generated at the initiating resist- 

40 ance can be reduced. 

[0018] Alternatively, it may be possible to arrange 
such tiiat an initiating resistance for Initiating the con- 
trolling means and a cutting-off means for being capable 
of cutting the initiating resistance off after the circuit has 

45 been initialized. 

[001 9] Further, it is preferred to arrange such that the 
power supply apparatus having a DSP means com- 
prises a remote control signal receiving means, so that 
a remote control signal received by the remote control 

so signal receiving means is analyzed by an IC which is 
provided in the DSP. Such an an'angement makes the 
construction of the apparatus similar and therefore the 
manufacturing cost of the appsu^atus can be reduced. 
[0020] A power supply apparatus where direct current 

55 is taken out from an alternate cun-ent supply, which is 
directed from the third invention of the present applica- 
tion has a construction such that at least one capacitor 
for preventing noise and choke coils are located on the 
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DC output side of a diode element for rectifying an elec- 
trical current supplied from said alternative current sup- 
ply. 

[0021] According to such a construction, it becomes 
unnecessary to provide a resistance for discharging in s 
parallel to a capacitor, as is an-anged in a line side of the 
rectifying diode in conventional power supply appara- 
tuses in order to avoid to generate noise; therefore, the 
energy loss generated at the resistance can be 
reduced. ^ 

[0022] A power supply apparatus directed from the 
fourth invention comprises a switching means for relay- 
ing electrical cun^ent into a transformer and an analogue 
type controlling means for driving said switching means 
continuously or intermittently, wherein the apparatus is 
comprises a resistance for initiating the controlling 
means and a cut-off means for being capable of cutting 
the initiating resistance off from said analogue type con- 
trolling means. 

[0023] According to the fourth invention, an analogue 20 
type controlling circuit Is provided by which the opera- 
tion of the switching means is controlled continuously or 
intermittently in accordance with a load cun'ent; that is 
to say/ when the load cun-ent consumed in the power 
supply apparatus Is small and thus no continuous oper- 25 
ation of the switching means is necessary, the switching 
means starts to be operated intermittently so that the 
power consumption at the transformer and the switching 
loss can be reduced. In addition to this, accoixling to the 
fourth invention, the apparatus is so arranged that the 30 
initiating resistance is cut off after the apparatus is initi- 
ated, and thus the energy loss generated in the initiating 
resistance can be reduced. 

[0024] It is prefen-ed to anrange the apparatus directed 
from the fourth invention such that the controlling 35 
means comprises a detecting means for detecting a 
duty cycle of said switching means and the operation 
mode of the switching means is changed to an intermit- 
tent manner or a continuous manner in accordance with 
an output of the detecting means. 40 
[0025] Further, it is prefen-ed to detect the duty cycle 
of the switching means with the aid of a comparator cir- 
cuit having a hysteresis characteristic or a comparator 
circuit having a time delay element. 

[0026] As mentioned above, when the switching ele- 45 
ment operates intermittently, the switching frequency 
decreases to about several kHz and then problems of 
discordant sound or large ripple would occur. According 
to the fourth invention, the duty cycle is detected by the 
comparator circuit using a hysteresis characteristic or a so 
time delay element Then, when the thus detected duty 
cycle is lesser than a predetermined value, the opera- 
tion of the switching means becomes intermittently to 
reduce the power consumption, during when the appli- 
ance is in the stand-by condition. Additionally, it ss 
becomes possible to make the switching frequency 
lower (less than several hundreds Hz) so that the 
switching noise becomes non-audible to the human ear 



and the above-mentioned discordant sound problem 
can be solved. 

[0027] The problem of the. ripple can be solved by 
making the frequency of the intermittent switching oper- 
ation not so low or making a capacitance of the capaci- 
tor on the output side. 

Brief Des cription of the Drawings 

[0028] 

Fig. 1 is a block diagram showing a construction of 
a first embodiment of the present invention; 
Rgs. 2(a) to 2(d) are schematic views depicting 
pulse patterns supplied into the switching means 
provided in the apparatus of the first embodiment: 
and Figs. 2(e) and 2(f) are graphs for explaining the 
operation of the apparatus shown in Fig. 1 : 
Fig. 3 is a block diagram illustrating a construction 
of a second embodiment of the present invention; 
Rgs. 4(a) to 4(f) are schematic views representing 
pulse patterns which are supplied into the switching 
means in the apparatus of the second embodiment: 
Rg. 5 is a block diagram partially showing a con- 
struction of a third embodiment of the present 
invention: 

Rg. 6 is a block circuit diagram depicting a con- 
struction of a fourth embodiment of the present 
invention: and 

Rg. 7 is a block circuit diagram illustrating a con- 
struction of a fifth embodiment of the present inven- 
tion. 

Detailed Explanation of the Preferrpri Fry .hnHim^,^t^ 

[0029] Prefen-ed embodiments according to the 
present invention will be explained below, referring to 
the attached drawings. It should be noted that tiie com- 
mon numerical references are used for tiie common ele- 
ments In each embodiment, and the explanation 
tiierefor is omitted from the embodiments after the sec- 
ond. 

[0030] Rg. 1 Is a circuit diagram showing a construc- 
tion of the first embodiment, which is directed form the 
first invention of tiie present application. 
[0031] The apparatus shown in Fig. 1 comprises a 
rectifying element 205 for rectifying an electrical cun-ent 
supplied from a commercial AC power supply 201, a 
capacitor 206 for storing the rectified electrical current, 
a transformer 207, a rectifying and smootiiing circuit 
208 for rectifying and smoothing an output of the trans- 
former, a switching element 21 1 for relaying an electri- 
cal current to tiie transformer, a controlling circuit 700 
for controlling a switching operation of the switching ele- 
ment 211. and a power supply circuit 213 for supplying 
power to tiie controlling circuit 700. a capacitor (reac- 
tance dropper) 215. and a load cun-ent detecting means 
800. 
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[0032] The electrical current supplied from the com- 
mercial power supply 201 is rectified by the rectifying 
element 205, smoothed by the capacitor 206 and then 
supplied to the transformer 207. While, the electrical 
current is supplied to the power supply circuit 213, 
which is for controlling the controlling circuit 700. Under 
the control of the circuit 700, the switching element 21 1 
is driven. The power supply circuit 213 comprises a 
capacitor 215 (reactance dropper) which is located 
between the rectifying diode 213a and the commercial 
power supply 210; and an electrical current going 
through the reactance component of the capacitor 215 
is us^ for driving the controlling circuit 700. That is to 
say, the current going through the capacitance reac- 
tance is stored in the capacitor 213b via the diode 213a, 
which are provided as a power supply for the controlling 
circuit 700. . Therefore, it is possible to prevent that the 
energy loss, which should occurs if an initiating resist- 
ance is provided to drive the controlling circuit 700. It 
should be noted that capacitors having its capacitance 
of 0.01 \L F can be suitably used for the capacitor 215. 
[0033] The controlling circuit 700 comprises a first 
oscillator 701a, which is for continuously driving the 
switching element 211, a second oscillator 701d, which 
is for intermittently driving the switching element 21 1 in 
case that a load current becomes small, a first compa- 
rator 701b; and a second comparator 701b. 
[0034] When the amount of load current which goes 
through the secondary side of the transformer 207 
becomes large, the current going through a photo cou- 
pler 801 of the load current detecting means 800 
becomes small, and then the voltage at the resistance 
R3 becomes low. When the voltage at the resistance R3 
becomes less than a given value Vth. which is obtained 
by dividing the input voltage of the first comparator 701b 
by the resistance R1 and R2, the second comparator 
701c becomes inoperative, then the first oscillator 701a 
is driven in a continuous oscillating mode to output 
pulses into the switching element 211 in a continuous 
manner. The amount of the electrical current supplied to 
the transformer 207 is determined by a duty cycle of the 
first comparator 701b. In response to the output of the 
first oscillator 701a (large), the switching element 21 1 is 
driven in a continuous manner so that an electrical cur- 
rent corresponding to the load current is supplied to the 
transformer 207. 

[0035] On the other hand, when the amount of the 
load cun-ent becomes small and then the voltage at the 
resistance R3 becomes greater than a predetermined 
voltage Vth, the second comparator 701c operates so 
that the output of the second oscillator 701 d is supplied 
.to.a reversed reset terminal olthe first oscillator 701a. In 
response to this, the first oscillator 701a begins to out- 
put pulse signals intermittently. That is to say, when the 
voltage at the resistance R3 becomes Vth or more, the 
first oscillator 701a operates to output pulse signal inter- 
mittently so that the amount of the electrical current to 
be supplied to the transformer 207 becomes small. 



[0036] It should be noted that a diode 70 If is provided 
between the resistance R3 and the resistance R1 and 
R2, which divide the input voltage at a minus terminal of 
the comparator 701b into two. Because of the existence 

5 of the diode 701 f. the potential at the minus terminal of 
the first comparator 701b does not Increase more than 
Vth. That is to say. even if the voltage at the resistance 
R3 becomes Vth or more, tiie duty cyde of the first com- 
parator 701b does not go down, for instance. 20% or 

10 less. It means, if the load current becomes significantly 
small, the width of the pulse being supplied to the 
switching element 21 1 does not become smaller than a 
predetermined width, so that it is not necessary to 
Increase the number of the switching operation and 

15 therefore the switching loss is not apt to be generated 
there. 

[0037] The second oscillator 701 d is settled to output 
triangle wave signal when the voltage at the resistance 
R3 is Vth or more. When the potential at the minus ter- 

20 minal of the comparator 701c becomes Vth or more, 
and then the first oscillator 701a steuls to output pulse 
signal intermittently. Further, as the voltage at the resist- 
ance R3 increase, the duty cycle of the second compa- 
rator 701c decreases, and therefore, the intermittent 

25 oscillating period of the first oscillator 701a is deter- 
mined by the duty cycle of the second oscillator 701 d. 
[0038] The operation of the second oscillator 701 d 
corresponds to the amount of the load voltage detected 
by the load voltage detector 800. As a result, when the 

30 amount of the load current is small, the amount of elec- 
trical current supplied to the transformer 207 is reduced 
because the operation of the switching element 211 
becomes intermittently; then the consumption of the 
electrical current is reduced during when the appliance 

35 is in a stand-by mode. 

[0039] Figs. 2(a) to 2(e) are schematic views of driving 
waveshapes of the switching element 21 1 and graphs 
for explaining the operation of the apparatus shown in 
Fig. 1 . Figs. 2(a) and 2(b) show the driving waveshapes 

40 of the switching element in a continuous oscillating 
mode; Figs. 2(c) and (d) illustrate the driving wave- 
shapes of the swithclng element in an intermittent oscil- 
lating mode; Fig. 2(e) is a graph depicting a relationship 
among the duty cycle of the second comparator 701c, 

45 tiie load current lo and the driving waveshapes of the 
first oscillator 701a; and Fig. 2(f) is a graph representing 
a relationship among the duty cycle of the first compar- 
tor 701 b. the load current lo and the driving waveshapes 
of the first oscillator 70 1 a. 

so [0040] As shown in Fig. 2(e) , when the load current lo 
is small. In other words, when the potential at the resist- 
ance R3 is more than Vth, the output of the second 
oscillator 70 Id is supplied to the first comparator 701a 
via the second comparator 701c; then the first oscillator 

55 701a outputs signals intermittently. The intermittent 
oscillating period of ihe first oscillator 701a is deter- 
mined by the duty cycle of the second comparator 701 c. 
That is to say. as the load cunrent lo increases, the duty 
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cycle of the second comparator 701c increases so as to 
make the oscillating period short; on the other hand, 
when the load current increases so much that the volt- 
age at the minus terminal of the second comparator 
701 c becomes lower than Vth, the duty cycle of the sec- 5 
ond comparator 701c becomes 100%. Then, the reset 
terminal of the first oscillator 701 a does not operate any 
more and the first oscillator 701a begins to output sig- 
nals in a continuous manner. 

[0041 ] After the operating condition of the first oscilla- 10 
tor changes to the continuous mode, as the load current 
lo increases, the duty cycle of the first comparator 701b 
becomes large as shown in Rg. 2(f). It means the width 
of the pulse supplied to the switching element 211 
becomes wide so that the amount of current supply to 15 
the transformer 107 increases. As apparent from Fig. 
2(0, the apparatus is settled so as not to make the duty 
cyde of the first comparator 701d down to 20% or less. 
Therefore, even if the amount of the load current 
becomes too great after the first oscillator 701b has 20 
started to output signals intermittently, the width of the 
pulses supplied to the switching means 211 does not 
become smaller than a predetermined width, so no 
switching loss is generated in the switching operation of 
the means 211. 25 
[0042] In the first embodiment, it is arranged such that 
the oscillating frequency of the second oscillator 701d is 
fixed. However, but as shown in Fig. 2 by a broken line, 
it may be possible to add a third comparotor 701 e in 
order to operate the second oscillator 701 d as a voltage 30 
controlled oscillator. In this case, when the load cun*ent 
is small, the oscillating frequency of the second oscilla- 
tor 701dgoes down. 

[0043] Further, the apparatus of the first embodiment 
is an^anged such that the controlling circuit 700 is driven 35 
by using a reactance dropper (the capacitor 21 5 and the 
bridge diode 213a). However, it may be possible to pro- 
vide an Initiating resistance and its cut off means 250 
instead of the reactance dropper. In this case, after initi- 
ating the controlling circuit 700 the initiating resistance 4o 
should be cut off from the circuit. 
[0044] Fig. 3 is a block diagram depicting a power sup- 
ply apparatus according to the second embodiment of 
the present invention. In the second embodiment, the 
operation of the switching element 21 1 is controlled by 45 
a DSP. 

[0045] In the second embodiment, the controlling cir- 
cuit 900 for driving the switching element 21 1 comprises 
a DSP 903. A plurality of pulse patterns for driving the 
switching element 21 1 are memorized in the DSP 903; so 
the best pulse pattern, by which the above-discussed 
problems of discordant sound, power consumption in a 
stand-by mode, electro-magnetic noise, etC: can be 
solved, is selected and outputted to the switching ele- 
ment 21 1 in accordance with the amount of load current ss 
which is detected by the load current detecting means 
800. 

[0046] Figs. 4(a) to 4(e) show examples of the pulse 



patterns memorized in the DSP 903. Figs. 4(a) and 4(b) 
are the examples that should be selected when the 
amount of the load current is large. According to these 
patterns, the switching element 211 operates continu- 
ously. While. Figs. 4(c) and 4(d) represent examples of 
the pulse patterns that should be selected when the 
amount of load current is comparatively small, by which 
the switching means 21 1 operates intermittently. 
[0047] For instance, when the amount of the load cur- 
rent detected by the load cun-ent detecting circuit 800 is 
small, the DSP 903 selects an intermittent pulse pattern 
where only one pulse is generated with a predeter- 
mined frequency (Fig. 4(f)); then the DSP controls the 
pulse generating period C to make it shorter (Fig. 4(e)) 
as the amount of the load current increases. When the 
load cun-ent further increases, the DSP 903 changes its 
oscillating mode so that two continued pulses are gen- 
erated with a predetermined frequency (Fig. 4(d)) in 
order to avoid that the period C becomes too short. In 
this manner, the DSP 903 controls the number of pulse, 
which generated continuously, as the load current 
increases (Rg. 4(c)). At a point that the load current 
exceeds over a predetermined value, the DSP 903 
changes its operating mode so as to generate pulse sig- 
nal continuously <Figs. 4(b) and 4(a)). During when the 
DSP 903 generates pulse signal continuously, the appa- 
ratus operates as the same as a general PWM inverter, 
PFM inverter or an RCC. 

[0048] In the second embodiment, a plurality of pulse 
patterns are memorized in the DSP 903. but it may be 
possible to arrange such that an algorithm to calculate a 
suitable pulse pattern is set in the DSP 903 and the 
pulse pattern is generated in accordance with the algo- 
rithm as an occasion demands for changing the pulse 
pattern. 

[0049] It should be noted that a dither generating cir- 
cuit 258 is provided in the second embodiment. The cir- 
cuit 258 supplies a high frequency noise component 
into an A/D converter 255, where the output of the photo 
coupler 801 is converted into digital signal, in order to 
improve the non-continuity of the signal. 
[0050] Further, in the second embodiment, a resist- 
.ance 257 is provided being parallel to the switching ele- 
ment 21 1 to detect if some exceed current exists. When 
some exceed current is detected here, DSP 903 stops 
to operate for a certain time in order to avoid a waste of 
current consumption. 

[0051 ] Furthermore, a third coil 207a is provided with 
the transformer 207 as well as a capacitor 253, which 
causes a resonation. In this embodiment, so-called zero 
voltage switching operation is realized. That is to say, a 
comparator 251 detects the fact that the core of the 
transformer 207 has been reset and then an ON signal 
is sent to the switching element 21 1 with a delay of a 
certain time. 

[0052] Moreover, in the second embodiment, a light 
receiving element 902 is provided for receiving a remote 
control signal; the DSP 903 is switched ON/OFF in 
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response to the remote control signal, which comes 
from the outside. A microcomputer 903a for analyzing 
the remote control signal is provided in the DSP 903 in 
order to make the size of the apparatus compact and 
decrease the manufacturing cost therefor. 
[0053] It may be possible to provide an initiating resist- 
ance and its cut off circuit 250 for initiating the control- 
ling circuit 900 instead of the capacitor 215 and the 
diode 213a (reactance dropper). It should be noted that 
during when the main equipment (not shown) is driven 
in a normal driving mode, the necessary electrical cur- 
rent for driving the controlling circuit 900 is supplied via 
the diode 252. 

[0054] The apparatuses of the above mentioned 
embodiments are constructed as an AC/DC converter, 
however, these apparatuses can also be applied to 
DC/DC converters. Further, it may be possible to 
arrange the A/D converter 255, and/or DSP 903 and the 
microcomputer 903a in the secondary side of the trans- 
former 207. 

[0055] Rg.5 (b) is a block diagram partially illustrating 
a third embodiment of the power supply apparatus 
according to the present invention, in this embodiment, 
it is arranged so that an energy loss at "a line across the 
line capacitor" (hereinafter called as "X capacitor"), 
which is generally provided beside the rectifying diode 
205, is prevented. According tp the third embodiment, it 
is possible to further reduce the power consumption 
during when the apparatus is in a stancby mode. It 
should be noted that the commercial current supply 201 
and the circuits on the lower stream side of the capaci- 
tor 206 are omitted in Fig. 5 (b), 
[0056] As shown in Fig.5 (a), in the general power 
supply apparatus, an X capacitor 301 and common 
mode choke coils 303 are provided on the line side of 
the rectifying circuit 205 in order to reduce noise gener- 
ated from circuits provided after the rectifying means. In 
addition to the noise from the circuits, the diode 205 
itself also generate noise at the time of recovery, so it is 
necessary to avoid the noise from the diode. Further, in 
order to satisfy the standard for preventing to generate 
noise, the X capacitor often has to have its capacitance 
of 0.1 fi F or more. If a capacitor having its'capacitance 
of 0.1 F or more is used for the X capacitor, it becomes 
necessary to have a resistance 302 for use. in discharge 
in accordance with the safety standard, and thus a great 
amount of electrical current loss is generated there. 
[0057] In the third embodiment, the X capacitor 301 is 
divided into two, and these two -capacitors 301a and 
301b are arranged on both sides of the rectifying diode 
205, and the common mode choke coils 303 are pro- 
vided on the output side of the rectifying diode 205 (Fig 
5B). Further, in this embodiment, an arrangement is 
made such that the capacitor 301a provided on the line 
side of the diode 205 has its capacitance of 0.1 ^ F or 
less. According-to this construction,-thereis4io limitation 
of the capacitance of the capacitor 301b provided on the 
DC output side of the rectifying diode 205. Therefore, if 



a capacitor having a large capacitance is provided on 
the DC output side, not only a prefenred noise character- 
istic can be obtained but also the resistance (302) for 
discharge becomes unnecessary. 

5 [0058] It is preferred to use a diode having a high 
recovery characteristic, which does not generate so 
much noise, for the rectifying diode 205. However, even 
using a bridge diode having a low recovery characteris- 
tic, it is possible to obtain a good noise characteristic if 

10 a capacitor is provided beside each diode constituting of 
the bridge diode in a parallel manner. In this case, the 
capacitor 301a provided on the line side can be omitted, 
depending on the condition. 

[0059] By the arrangement of the capacitor for pre- 
15 venting noise and the common mode choke coils in this 
manner, even if the capacitor on the line side has its 
capacitance of 0.1 F or more, the energy loss gener- 
ated at the resistance for discharging can be reduced so 
much. 

20 [0060] It should be noted that two normal choke coils 
are able to be substituted for the common mode choke 
coils 303 and that it may be possible to arrange a multi- 
step construction of the X capacitor 301 b and the choke 
coils 303. 

25 [0061] According to experiments by the inventor, it is 
possible to realize a power supply apparatus where the 
power consumption during when the appliance is in the 
stand-by mode is reduced to about 20mW by an 
involved effect of the techniques that the switching ele- 

30 ment is driven intermittently, that the energy loss gener- 
ated at the initiating resistance is reduced (by the 
reactance dropper or the Initiating resistance cut off cir- 
cuit 250), and that the energy loss generated at the 
resistance for discharging (303) is reduced by arranging 

35 the X capacitor and the choke coils on the output side of 
the rectifying diode. 

[0062] In the case that the reactance dropper (251 
and 213a) is provided, if ^ fuse resistance is directly 
connected to the capacitor 215. a cheap and small 

40 capacitor, which does not satisfy the standard of safety, 
can be used without causing any trouble. 
[0063] Fig. 6 is a circuit diagram showing a construc- 
tion of a power supply apparatus according to the fourth 
embodiment of the present invention. The apparatus of 

45 this embodiment is designed as an auxiliary power sup- 
ply apparatus of an electrical appliance having a remote 
control signal receiving circuit 210 where the main unit 
is made on or off in response to the remote control sig- 
nal. The apparatus is constructed such that when a sig- 

50 nal 204 is sent to the remote control signal receiving 
circuit 210 from the outside, the output of the commer- 
cial power supply 201 is change so as to directly supply 
power to the main unit (not shown). 
[0064] The auxiliary power supply apparatus in the 

55 fourth embodiment comprises a rectifying element 205 
for rectifying an alternating current supplied from the 
commercial AC power supply 201. a capacitor 206 for 
storing the thus rectified current, a transformer 207. a 
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rectifying and smoothing circuit 208 for rectifying and 
smoothing an output of the transformer 207, a load cur- 
rent detecting circuit 209 for detecting a load current of 
the auxiliary power supply apparatus itself, a remote 
control signal receiving circuit 210 for receiving a 
remote control signal 204 coming from the outside, a 
switching element 21 1 for intermitting the current supply 
to the transformer 207, an oscillator circuit 212 for oper- 
ating the switching element 21 1 , a control power supply 
213 for controlling the oscillator circuit 212, an initiating 
resistance and a switch for cutting off the resistance 
250, and a photo coupler 214 for performing a gate 
operation for the oscillator circuit 212 in response to an 
output of the load current detecting means 209. 
[0065] The electrical current supplied from the com- 
mercial AC power supply 201 is stored in the capacitor 

206 after being rectified by the diode 205. and then sup- 
plied to a primary coil of the transformer 207 via the 
switching element 21 1 , while, the electrical cunrent from 
the AC power supply 201 is supplied to the control 
power supply 213 for controlling the oscillator circuit 
212. The oscillator 212a using a Schmitt trigger inverter 
is operated by an electrical power supplied from the AC 
power supply 213 to drive a MOSFET 21 1 which is pro- 
vided as a switching element of the switching regulator. 
[0066] In this embodiment, the load current detecting 
circuit 209 comprises a Schmitt trigger circuit 209a and 
an output thereof is given to the photo coupler 214. 
When an input voltage of the plus terminal of the Sch- 
mitt trigger circuit 209a becomes higher than a given 
threshold voltage, the photo coupler 214 is lit and then 
the pulse signal is stopped to be supplied from the oscil- 
lator 212a to the MOSFET 211. When the switching 
operation of MOSFET 211 is stopped no electrical cur- 
rent is supplied to the transformer 207. Then, the input 
voltage of the Schmitt trigger circuit 209a becomes 
lower than the threshold voltage, and thus the photo 
coupler 214 is lit off, so that the oscillator circuit 212 
starts to supply pulse signals to the MOSFET 211 
again. Since such a feedback loop is formed, the output 
voltage of the auxiliary power supply apparatus is 
always managed so as not to exceed a predetermined 
range. Therefore, the current supply to the transformer 

207 is conducted intermittently in accordance with the 
management of the output voltage of the apparatus, so 
that the electrical current consumption there can be sig- 
nificantly reduced. 

[0067] In the third embodiment, there is provided an 
initiating resistance cut off means 250. After initiating 
the oscillator 212. the initiating resistance is cut off from 
the circuit in order to reduce the current consumption at 
the initiating resistance. 

[0068] In this embodiment, the output voltage of the 
auxiliary power supply apparatus is controlled by a com- 
parator having a hysteresis characteristic, however, a 
combination of a comparator and a one shot multi-vibra- 
tor or a combination of a comparator and a time con- 
stant circuit can be used therefor. In such combinations, 



it becomes to be apt not to be influenced by a discord- 
ant noise which is generated in the transformer at the 
vicinity of the threshold voltage. Further, in this embodi- 
ment, the coil type transformer is used, but the present 

5 invention can also be applied to a piezoelectrical type 
transformer. In general type of switching regulators, the 
switching frequency of the switching element 21 1 is 
over 10kHz, however, according to the invention, inter- 
mittent electrical current supply is supplied to the trans- 

10 former with a slow interval, i.e. several hundreds Hz or 
less. 

[0069] Fig. 7 is a circuit diagram depicting a construc- 
tion of the power supply apparatus according to the 
sixth embodiment of the present invention. The inven- 
ts tion is applied to a switching regulator in this embodi- 
ment. When the load current of the power supply 
apparatus is 20 to 100% of the peak current, the switch- 
ing element 21 1 is continuously driven to supply electri- 
cal cunent to the transformer 207, while, when the load 
20 current is 20% or less of the peak current, the switching 
element 21 1 operates intermittently, so that it can be 
prevented that an unnecessary power is consumed 
when the toad of the apparatus is small, for instance, 
when the main unit is in a standby mode. In the sixth 
25 embodiment, a duty cycle of the switching element 21 1 
is detected, and the operation of the switching element 
211 is controlled in accordance with the detected duty 
cycle in order to reduce an energy loss as explained 
below. 

30 [0070] As depicted in Fig. 7, there is provided a con- 
trolling circuit 601 for controlling the switching element 
211 which is arranged on the electrical current supply 
line from the commercial AC power supply 201 to the 
transformer 207. The output of the power supply 201 is 

35 supplied to the transformer 207, while supplied to an 
auxiliary power supply 213 for driving the control circuit 
601 via a capacitor 215. The control circuit 601 com- 
. prises an oscillator 601 a and first and second compara- 
tors 601b and 601c. The oscillator 601a generates 

40 pseudotriangle waves; and the triangle wave is supplied 
to a plus terminal of the first comparator 601b. To the 
minus terminal of the first comparator 601b, is supplied 
a voltage generated at both ends of the capacitor 213b 
in a voltage divided manner, the voltage is compared to 

45 the output of the oscillator 601a to drive the switching 
element 211. According to the construction, the appara- 
tus is set up such that when the photo coupler 602, 
which will be explained below, is switched off and then 
the transistor 602a is not made conductive, the duty 

50 cycle of the switching element 21 1 becomes 50%, while 
when the photo coupler 602 is switched on and the tran- 
sistor 602a is conducted, the duty cycle becomes 0%. 
[0071] On the other hand, there is provided a rectify- 
ing smoothing circuit 208 composed of a diode 208a 

55 and a pi (tc) type filter 208c on the secondary side of the 
transformer 207. On the downstream of the filter 208c, 
is arranged a standard voltage element 603 in parallel 
to the filter 208c, and an LED 602b is provided on the 
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output line of the standard voltage element 603. The 
LED 602b and the transistor 602a constitute a photo 
coupler.602; .the LED 602b is arranged to be parallel to 
the resist€Uice 601d and the transistor 602a is used for 
dividing an input voltage to the first connparator 601b on 5 
the primary side of the transformer 207. 
[0072] When the switching element 211 operates in 
response to the oscillator 601 a to supply a pulse cunrent 
to the transformer 207, the output of the secondary side 
of the transformer 207 is given to the standard voltage 10 
element 603. When the output is higher than the stand- 
ard voltage of the element 603, a great amount of cur- 
rent goes through the element 603 to make the LED 
602b of the photo coupler 602 bright, so that the current 
going through the transistor 602a is increased to make is 
the potential at a point X high. The potential at the minus 
terminal of the first comparator 601b thereby becomes 
high, then the duty cyde of the first comparator 601b 
decreases. Therefore, the interval for the condition ON 
of the switching element 211 becomes short so that the 20 
amount of current supplied to the transformer 207 
becomes small. As a result, the voltage at the second- 
ary side of the transformer 207 decreases so that the 
standard voltage element 603 becomes non>conduc- 
tive. In this manner, a control loop is formed that the 25 
photo coupler 602 becomes dark, the potential at the 
point X decreases, and then the duty cycle of the first 
comparator 601b increases. 

[0073] While,, to the minus terminal of the second 
comparator 60 1 c. is given the voltage at the point X. and 30 
to the plus terminal thereof, is provided a voltage at the 
time when the duty cycle of the first comparator 601b 
decreases to 10% or less as a standard voltage. There- 
fore, when the potential at the point X increases to make 
the duty cycle of the first comparator 60 1 b down to 1 0% 35 
or less, the second comparator 601c starts to output a 
signal. The output terminal of the second comparator 
601c is connected to a reset terminal of the oscillator 
601a; the oscillator 601a stops to generate the triangle 
wave in response to the output of the second compare- 40 
tor 601c. After stopped to generate the triangle wave, 
the electrical current consumption at the secondary side 
of the transformer 207 increases little by little and the 
output voltage of the secondary side of the transformer 
207 becomes smaller than a predetermined value; then 45 
the LED602b of the photo coupler 602 becomes dark 
and the amount of the current going through the transis- 
tor 602a becomes small. Therefore, the voltage at the 
minus terminal of the second comparator 601c goes 
down to make the output of the comparator 601c high, so 
so that the reset condition of the oscillator 601a is 
released and then the oscillator 601a starts to generate 
the triangle wave again. The intermittent switching oper- 
ation of the switching element 211 is conducted by 
repeating the above-mentioned operation. In the sixth 55 
embodiment, the duty cycle of -the f irst comparator 
601b. in other words, the duty cycle of the switching ele- 
ment 211, is detected in this manner; when the duty 



cycle becomes lesser than a predetermined value, the 
generation of the triangle wave signal by the oscillator 
601 a is stopped. During the period when the generation 
of the triangle wave signal is stopped, the switching 
operation of the element 21 1 is not conducted and thus 
the energy loss caused by unnecessary switching oper- 
ation can be reduced. 

[0074] In the fourth embodiment, there are also pro- 
vided an initiating resistance for initiating the oscillating 
circuit 600 and an initiating resistance cut off means 
250. After initiating the oscillating circuit 600, the initiat- 
ing resistance is cut off from the circuit in order to 
reduce the current consumption at the initiating resist- 
ance. 

[0075] It should be noted that a positive feedback is 
applied to the second comparator 601c in order to make 
the frequency of the switching operation low when the 
switching operation is conducted intermittentiy, so that 
discordant cannot be heard by human ear. Further, a 
capacitor 601 e provided between the point X and tiie 
ground works for the same purpose. 
[0076] In the sixth embodiment, to stop the oscillation 
in the oscillator 601a. in other words, to switch the con- 
dition that the power is supplied to the transformer 207 
continuously or intermittentiy. is not conducted by the 
load detected at the secondary side of the transformer 
207. but conductive automatically in responding to the 
duty cycle of the switching element 21 1. Such a condi- 
tion can be substantially achieved only by adding the 
second comparator 601c. It means the energy loss 
caused by the switching operation of the switching ele- 
ment 21 1 during the standby mode can be reduced with 
a simple circuit construction. 

[0077] In order to judge the timing when the operation 
of the switching means should be changed by detecting 
the electrical current consumption in the power supply 
afiparatus, it is necessary to provide a resistance for 
detecting the change of the current, and some energy is 
lost at the resistance. Further, in order to judge the tim- 
ing by using a hysteresis voltage, some ripple would be 
generated. Furthermore, if providing a ripple filter in 
order to remove the ripple, some energy would be lost at 
the ripple filter. Contrary to those, in the sixtii embodi- 
ment of the present invention, a "dead zone" is provided 
in the duty cyde of the first comparator 601b and the 
current supply is stopped when the duty cycle becomes 
into the "dead zone". Therefore, it is unnecessary to 
provide a resistance for detecting the consumed cur- 
rent. Therefore, the energy loss generated by them can 
be totally prevented. 

[0078] In the sixtii embodiment, it is arranged such 
that the switching frequency of the switching element 
211 is fixed but only the duty cyde thereof is varied 
(both the on time and off time are varied). However, the 
other drcuit constructions may be taken such that the 
on time of the switching element is fixed but tiie switch- 
ing frequency and the off time of the switching element 
are varied, or that the off time of the switching element 
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is fixed, but the switching frequency and the on time of 
the switching element are varied. In any case. It can be 
considered that the duty cycle is varied in equivalent. 
Therefore, the term of duty cycle here is used in an 
equivalent meaning and thus includes all situations 5 
mentioned above. 

[0079] Furthermore, in the sixth embodiment, the 
invention is applied to a "flyback* type power supply 
apparatus which has only one switching element, but in 
the power supply apparatus which has a plurality of 10 
switching elements, or in a resonant type power supply 
apparatus or in a partial resonant type power supply 
apparatus. It is difficult to signify the duty cycle of the 
switching element apparently However, from the point 
of view of energy, it is possible to take the duty cycle of is 
the switching element(s) in all kinds of the power supply 
apparatuses into consideration. Therefore, the present 
invention can be applied not only to the apparatus which 
has one switching element but also to all of the other 
types of apparatuses mentioned above. 20 
[0080] In the apparatus according to the sixth embod- 
iment, the power consumption is further reduced by the 
construction that the current consumption at the sec- 
ondary side of the transformer 207 is detected and the 
output voltage at the secondary side of the transformer 2S 
is limited when the amount of the detected electrical 
current is small. That is to say. an output of the inductor 
208d of the pi {n) type filter 208c is supplied to an addi- 
tional comparator 605; the gate of the standard voltage 
element 603 is driven by the output of the comparator 30 
605 to change the divided voltage ratio with respect to 
the standard voltage element 603. In other words, When 
the amount of the current consumption at the secondary 
side is small, the divided voltage ratio to the standard 
voltage element 603 is so changed that the output volt- 3s 
age of the secondary side is limited to be under a pre- 
determined voltage and thus the power consumption In 
the power supply apparatus is further reduced. In order 
to detect an electrical current, a resistance is generally 
used. However, In this embodiment, a direct current 40 
resistance component of the inductor 208d of the pi {n) 
type filter 208c is used to detect the current consumed 
at the secondary side. Therefore, the current consump- 
tion can be reduced more in comparison to the case 
that a resistance is used to detect the current. It should 45 
be noted that the high frequency component contained 
in the inductor 208d is cut off by a low pass filter 604. 

Claims 

so 

1. A power supply apparatus comprising a switching 
means for relaying electrical current to be supplied 
to a transformer and a controlling means for control- 
ling an operation of said switching means, said con- 
trolling means comprising a first oscillating means ss 
for continuously operating said switching means 
and a second oscillating means for intermittently 
operating said switching means, wherein an operat- 



ing condition of the switching means is controlled by 
changing a duty cycle or an oscillating period of 
said second oscillating means In accordance with a 
variation of an amount of load current. 

2. A power supply apparatus comprising a switching 
means for relaying electrical current to be supplied 
to a transformer and a digital signal processor 
(DSP) means for controlling an operation of said 
switching means, wherein said DSP means selects 
or computes suitable pulse pattern for driving said 
switching means in accordance with an amount of 
load current and wherein the switching means is 
driven in accordance with the thus selected or com- 
puted pulse pattern. 

3. A power supply apparatus according to Claim 2, 
wherein said apparatus comprise a dither compo- 
nent generating means so that the ditiier compo- 
nent is added to an output of said DSP means. 

4. A power supply apparatus according to anyone of 
Claims 1 to 3, wherein a capacitor is given to said 
controlling means and wherein said controlling 
means Is driven by electrical cunent which goes 
through a reactance component of said capacitor. 

5. A power supply apparatus according to anyone of 
Claims 1 to 3, wherein an initiating resistance for 
initiating said controlling means and a cutting off 
means for being capable of cutting the initiating 
resistance off after initiating the controlling means. 

6. A power supply apparatus according to anyone of 
Claims 2 to 4, wherein a remote control signal 
receiving means is provided and a remote control 
signal received by said remote control signal receiv- 
ing means is analyzed by an IC which is provided in 
tiie DSP. 

7. A power supply apparatus according to at least one 
of the proceeding claims where direct current is 
taken from an alternative power supply, comprising 
at least one capacitor being located on an output 
side of a rectifying diode for rectifying electrical cur- 
rent supplied from said alternate current. 

8. A power supply apparatus comprising a switching 
means for relaying electrical cun^ent to a trans- 
former and an analogue type controlling means for 
driving said switching mean's continuously or inter- 
mlttentiy. wherein an initiating resistance for initiat- 
ing said controlling means and a cutting off means 
for being capable of cutting the initiating resistance 
off, and wherein said initiating resistance is cut off 
by the cutting means.. 

9. A power supply apparatus according to Claim 8, 
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wherein said controlling means comprises a duty 
cycle detecting meguis for detecting a duty cycle of 
said switching means and said controlling means 
change the operation of said switching means inter- 
mittently or continuously in accordance with an out- 5 
put of said detecting means. 

10. A power supply apparatus according to Claim 9. 
wherein said duty cycle of the switching means is 
detected by a comparator circuit having a hystere- 10 
sis characteristic or a comparator circuit having a 
time delay element. 

11. A power supply apparatus where direct current is 
taken from an alternative power supply, comprising is 
at least one capacitor being located on a output 
side of a rectifying diode for rectifying electrical cur- 
rent supplied from said alternate cun-ent. 
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